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Abstract 
‘Eco-Challenge’ race cars are built for fuel efficiency which means they must be lightweight and have low frictional resistance. However 
they are still subjected to normal car loading such as engine and driver weight, acceleration, braking and cornering forces. The challenge 
is to develop a lightweight chassis that can safely withstand the required loads. In addition, the chassis must also be able to protect the 
driver in the event of crash. A steel space frame was chosen for the design since it is the most effective and cost efficient structure and 
commonly used for single seater car.  FEA was used to determine the strength and rigidity of the chassis subjected to the required loads.  
Results showed that chassis was able to withstand the required loads with minimal deflections. 
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Centre of 
Humanoid Robots and Bio-Sensor (HuRoBs), Faculty of Mechanical Engineering, Universiti Teknologi MARA. 
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Nomenclature 
Efi  electronic fuel injected 
GMAW  gas metal arc welding 
FEA  finite element analysis 
PEC  Perodua  Eco-Challenge 
CAD  computer aided design 
CATIA   CAD software by Dassault Systèmes 
Abaqus CAE finite element analysis software by Dassault Systèmes 
1. Introduction 
The chassis is the central frame of a vehicle which has to carry all the components and support all the loads. These loads 
include the weight of each component and the forces which manifest during acceleration, deceleration and cornering. The 
components that are usually attached to the chassis are the engine, the suspension arms, the steering system, the braking 
system and the seat [4]. Therefore the chassis is considered as the most important element of the vehicle as it holds all the 
parts and components together. 
Having a well designed chassis is important to ensure the safety, performance and roadworthiness of the vehicle. In the 
event of crash, the chassis must be able to protect the occupant from injury. Frontal impact is absorbed by an impact 
attenuator attached to the front of the chassis. In the roll over crash, the occupant will be protected by the main and front 
hoops which are the main part of the chassis. The side impact bar protects the occupant during side impact. Beside safety 
aspects, chassis must also be designed with fuel efficiency in mind. Chassis design will be optimised to accommodate both 
the safety and fuel efficiency requirements. 
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2. Chassis design 
An ‘Eco-Challenge’ car is a type of vehicle which is designed and constructed by engineering students to participate in a 
race where the winner is the team that can travel the longest distance at a given minimum speed using a limited amount of 
fuel [3]. With this in mind, three different types of light weight design were considered. These are the space frame type, the 
pressed aluminium type and the monocoque design.  The space frame type is commonly used in race car due to its rigidity 
and ease of construction. Circular or square tubes are joined together to form a lattice structure as shown in Fig. 1 (a). The 
pressed aluminium type requires intensive forming and welding of aluminium sections as shown in Fig. (b). It is mainly 
used in high performance sports cars. Monocoque chassis differ from the other two by supporting the structural loads using 
external skin rather than internal member [2]. It is usually made from carbon fibre and constructed in one piece without any 
joints as shown in Fig. 1(c).   
 
    
(a)                            (b) 
 
(c) 
Fig. 1. Types of car chassis (a) space frame, (b) pressed aluminum and (c) carbon monocoque 
 
Although the goal of the PEC race is fuel efficiency, the chassis must still be stiff enough for good handling and has 
sufficient strength to support all the loads. The chassis must be able to accommodate a 3 cylinder 660 cc engine and 
averaged size driver. The regulations state that the chassis must be of space frame tube construction only. Any form of 
monocoque design is not allowed due to safety and cost constraints. Material for the chassis must either be ferrous metal or 
aluminium alloy. A side bar must be integrated in the design and must be situated  about 400 mm of the ground. The chassis 
must incorporate a structural roll bar which includes a front hoop and a main hoop and must torsional rigidity of at least 
2000 Nm/degree. The main hoop must be able to support four times the weight of the car. The car must demonstrate the 
ability to stop within 20 m from 50 km/h. Finally the bulkhead for the impact attenuator must be at least 350 mm in height 
and 400 mm in width. The impact attenuator must have a crushing distance of at least 200 mm [1]. 
To comply with the rules and regulation of the PEC, the chassis will be of space frame type using mild steel. Space frame 
chassis was chosen for the simplicity of the design, ease of construction and facilitate the integration of the others car 
components. The chassis is manufactured by welding circular and square hollow steel using GMAW. 
3. Finite element simulation 
The chassis was designed in CATIA software. The CATIA CAD model then exported into the FEA software. The finite 
element model was created using Abaqus CAE. The chassis was modelled as beam elements with square and circular 
hollow sections. The circular hollow section has a diameter of 50 mm and thickness of 2.5 mm. The square hollow section 
has a side length of 50 mm and thickness of 2.3 mm. About 750 linear beam elements of type B31 were used for the chassis. 
Material properties were assigned to the model. The chassis is made from mild steel with the detail given in Table 1. 
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Table 1. Material properties for Mild Steel 
 Mild Steel 
Density (kg/m3)  7800 
Ultimate tensile strength (UTS) (MPa)  400 
Yield Strength (MPa)  300 
Young’s Modulus (GPa)  207 
Poisson’s ratio  0.3 
Plastic strain at UTS  0.35 
 
The chassis was simulated with five different loading conditions. They were as follows: Static load (dead load) of vehicle 
supported at its wheel base, 4g load on the main hoop, 1.5g acceleration, 1.5g deceleration (braking) and 2500 Nm/degree of 
torsional loading. For the dead load analysis, all the components weight including the driver is specified at specific points 
on the chassis. A safety factor of 1.5 is used to take into account the uncertainties of actual loading and manufacturing 
inconsistencies that may reduce the strength of the chassis. Simply supported constraints will be on the front and rear wheel 
base points.  
In order to simulate the 4g load on the main hoop, the bottom of the chassis is fully fixed and a load of 4g was applied on 
the main hoop. This simulation is done to verify the design of the main hoop in compliance with the rules concerning the 
rollover structure. For the 1.5g acceleration, all the components on the chassis will be subjected to acceleration force. Fixed 
constraint points were specified on the upright mountings. As for 1.5g deceleration, the constraints and loading were the 
same as the acceleration except that the direction of the acceleration force will be in the opposite direction to simulate 
braking. For the torsional loading, the front end of chassis was subjected to torsion with the constraints specified at the 
wheel base points [5]. 
4. Results and Discussion 
Fig. 2(a) shows for the stress distribution of the dead load analysis. Here we can see that the maximum stress is 52.3 MPa 
which is well below the material yield stress of 300 MPa. The maximum stresses are situated on the rear wheel base and 
engine mounting points. This was expected as the engine was the heaviest component of the car. Maximum displacement is 
1.68 mm and situated on the chassis where the driver seat is mounted as shown in Fig. 2(b). This is due to the large span of 
the  members supporting the driver. To reduce the displacement an extra tube can be added in a traverse direction for 
additional support. 
 
  
(a)       (b) 
Fig. 2. Stress (a) and displacement (b) due to dead load 
 
For the 4g analysis on the main hoop as shown on Fig. 3, the result showed a maximum stress of 85.6 MPa distributed 
along the vertical section of the main hoop. This analysis simulated the roll over crash where the main hoop must be able to 
protect the driver. Maximum displacement was 7.6 mm and was deemed safe as the driver head is situated 50 mm below the 
main hoop. 
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(a)       (b) 
Fig. 3. Stress (a) and displacement (b) due to load of 4g on main hoop 
 
Fig. 4 shows the stress and displacement distributions of the chassis subjected to 1.5g acceleration. Maximum stress of 
86.8 MPa is observed at the rear engine and rear suspension mountings. This is due to the high engine mass which directly 
affect the acceleration force acting on the supports. Maximum displacement of 4.2 mm is observed at the seat mounting 
points. Fig. 5 shows that the response of the chassis subjected to deceleration of 1.5g is almost similar to the acceleration. 
The maximum stress is 73 MPa and the maximum displacement is 3.79 mm. Maximum stress is located at the rear engine 
mounting. This shows during deceleration, the engine tends to move forward, hence causing high stress at the mounting 
points.  Displacement distribution is similar as the previous condition where the maximum displacement is located at the 
seat mounting points. Adding traverse members to the existing seat mounting members will reduce the displacement. 
 
 
  
(a)       (b) 
Fig. 4. Stress (a) and displacement (b) due to 1.5g acceleration 
 
  
(a)       (b) 
Fig. 5. Stress (a) and displacement (b) due to deceleration of 1.5g 
 
Fig. 6 shows that the stress and displacement distribution of the chassis subjected to torsional loading. Maximum stress 
of 199.6 MPa is observed at the front of the chassis where the torsional load is applied. Maximum displacement of 5.2 mm 
occurs at the front uprights. This is actually one of the more severe torsional loading conditions where most of the stress is 
supported at the front portion of the chassis. In actual, a car will be subjected to torsional loading when it goes over a bump 
in a diagonal direction. In this condition, the stress will be evenly distributed and the value will not be as high as the above 
simulated value.  
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(a)       (b) 
Fig. 6. Stress (a) and displacement (b) due to torsional loading 
 
5. Conclusion 
From the results, the chassis is able to support all the loading conditions and therefore comply with the rules and 
regulations. In most loading conditions, maximum stresses are well below the yield stress. Further optimisation of the 
chassis can be made through parametric study of tube size, cross sectional shapes and material combination to further 
reduce the weight of the chassis while maintaining its strength and rigidity. Reducing the weight will improve the fuel 
efficiency of the eco car and maintaining the stiff chassis will ensure good handling and road holding. 
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